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proliferative skin disease, allergic reactions and in?am 
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ARYL SUBSTITUTED NAPHTHALENE 
DERIVATIVES 

This application is a continuation of application Ser. 

No. 07/435,509 ?led on Oct. 18, 1989 now abandoned, 
which in turn is the US. national application corre 
sponding to International application No. PCT/US 
88/01524 ?led May 13, 1988 and designating the US. 
which PCT Application is in turn a continuation-in-part 
of US. application Ser. No. 07/051,108 ?led May 15, 
1987, now abandoned, the bene?t of which Application 
is claimed pursuant to the provisions of 35 US. C. 

§§l20, 363 and 365(c). 

BACKGROUND OF THE INVENTION 

The present invention relates to certain aryl substi 
tuted naphthalene, benzoxepine, benzazepine and ben 
zocycloheptene derivatives. 

SUMMARY OF THE INVENTION 

The present invention relates to a compound having 
the structural formula I: 

U l 

V F 

Z 

wherein F represents: 

R1 R2 Ia 
A 

I a 
T 

R3 R4 W 

R1 R2 11: 
D 

1 a 

A 
R3 R4 

10 

Id 
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2 
—continued 

or a pharmaceutically acceptable salt or solvate thereof, 
wherein: 

the dotted line (---) represents an optional double 
bond, T being absent in formulas Ia and Id, R7 and R10 
being absent in 10 when the dotted line represents a 
double bond; 
A represents an aryl or an aromatic heterocylic 

group; 
M represents —CR7R8, ——O—— or —NR9; 
N represents H or A; 
T and W are the same or different and each represents 

H, alkyl, alkenyl, Q, ——OR5, —S-alkyl, —SQ, —CHZQ, 
—-O(CH;),,Q, halo, —C(O)R6, —CH2OR5, -—O(CI-I2) 
,,COOR6 or —C(0)OR6; 
D represents H, alkyl, —SR5, —C(O)R5; 
U, V and Z are the same or different and each repre 

sents a group selected from H, alkyl, -—OR5, ——SR5, 
_O(CH2)!IQ! —C(0)R6, —CH20R5, —0(CH2) 
,,COOR6 or halo; 
Q represents phenyl or substituted phenyl; 
n is 1 to 8; 
R1, R2 and R3 are the same or different and each 

represents H, alkyl, cycloalkylalkyl, alkenyl or alkynyl, 
which alkyl, alkenyl or alkynyl group may optionally 
be substituted with a group Q, —OR6, —SR6, halo or 
—N(R6)2, with the proviso that OH or NH; are not 
directly bonded to the carbon atom of a carbon-carbon 
double or triple bond, and that in compounds of formula 
Ia and lb, R1 and R2 cannot both be H; 
R4 represents H, OH, N(R6)2, —NR6(COR6) or 

—SQ; 
in addition, R1 and R2 together with the carbon atom 

of the ring t to which they are attached may represent 
a spirocarbocyclic ring having from 3 to 6 carbon 
atoms; 

in addition, R3 and R4 together may represent a car 

with the proviso that R1 and R2 do not represent H 
when the dotted line represents a double bond; 

each R5 independently represents H, alkyl, alkanoyl 
(the alkyl portion of which may optionally be substi 
tuted with halo, -—-OR6, —SR6 or a group Q), —C 
(0)—~Q, —C(0)—N(R°)2 0r —C(0)—0R6; 

each R6 independently represents H, alkyl or Q; 
R7 and R8 are the same or different and each represent 

H or alkyl, alkynyl, alkenyl, —OR5, Q, ——S—-alkyl, 
—SQ, —CHZQ, —COQR6 or —C(O)R6; 
R9 represents H, alkyl or —C(O)R6; 
R10 and R11 are the same or different and each repre 

sent H, alkyl or alkenyl; 
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in addition, RI0 and R11 together may represent a 
carbonyl, :S, :N—OR5, :N—N(R6)2, :N-NH 
C(O)R6, :N'—NH(SO2)R6 or :N—NHC(O)NH2. 

In a preferred embodiment the compound is of for 
mula Ia. 
W is preferably H, OR5 or alkyl. R1 and R2 are prefer 

ably each independently H or alkyl. U, V and Z are 
preferably each independently H or OR5.A is prefera 
bly aryl, e. g., phenyl or phenyl substituted with l or 2 
substituents each independently selected from H, alkyl 
or 0R5. R3 and R4 together preferably represent a car 
bonyl oxygen, =N—OR6,, :N—O(CO)R6, 
=N-—NH(CO)R6, :N-N(R6)2, =N—NH(SO2)R6 or 
:N--NH(CO)NH2. 
A preferred subgenus of compounds is represented by 

the structural formula Ig 

wherein R1 and R2 are the same or different and each is 
selected from H or alkyl; R3 is H or alkyl and R4 is H or 
OH, or R3 and R4 together represent a carbonyl oxygen 
or :N-OR", wherein R6 is H, alkyl, phenyl or substi 
tuted phenyl; E, G, K, L and P are the same or different 
and each is selected from hydroxy, alkoxy, alkanoyloxy 
or dialkylcarbamoyloxy; J represents H, hydroxy, alk 
oxy, alkanoyloxy or dialkylcarbamoyloxy; or a pharma 
ceutically acceptable salt of such a compound. 
Another preferred group of compounds is repre 

sented by the structural formula Ih 

U R] R2 Ih 

E 
v 

T 
H w G 

2 N 
\ 
0R5 

wherein R1 and R2 is alkyl; 
R5 is H or alkanoyl; 
E, G, U, V and Z are the same or different and each 

is H, OH or alkoxy; 
T and W are the same or different and each is H, alkyl 

or alkenyl. 
A third preferred group of compounds are those of 

formula Ic, Id or Ie wherein 
A is H, phenyl or substituted phenyl 

U, V, Z are the same or different and each is H, OH, 
alkoxy; 
R1 and R2 are the same or different and each is H or 

alkyl; 
R10 and R11 represent H, —OH, -—N(R6)2 -—NR‘* 

(COR6) or R10 and R“ together represent a carbonyl 
oxygen, :N-OH or :N-Oalkyl; and N, T and W 
are as de?ned above. 
The compounds of the invention may be formulated 

into pharmaceutical compositions with a pharmaceuti 
cally acceptable carrier. The compounds may be used 
to treat mammals suffering from hyperproliferative skin 
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4 
disease (such as psoriasis), allergic reactions and/or 
in?ammation by administering an effective amount for 
such purpose to the mammal. Compounds of formula I 
wherein R3 and R4 together represent :N-OR6 or 
:N—-NH(CO)R6 also inhibit platelet activating factor 
(PAP) and are thus particularly useful in treating dis 
eases such as allergies, inflammation, etc., mediated by 
PAF. 

DETAILED DESCRIPTION OF THE 
INVENTION 

When utilized herein, the terms listed below have the 
following scope, unless otherwise indicated: 

halo—represents fluoro, chloro or bromo; 
alkyl (including the alkyl portion of alkoxy, 
alkanoyl, alkanoyloxy or cycloalkylalkyD-repre 

sents straight and branched carbon chains and, unless 
otherwise specified, contains from 1 to 10 carbon atoms 

carbonyl oxygen-represents a group :0; 
alkanoyl-—represents a group 

II 
alkyl-C—; 

alkenyl-represents straight and branched carbon 
chains having at least one carbon to carbon double bond 
and, unless otherwise speci?ed, contains from 3 to 6 
carbon atoms; 

'alkynyl—represents straight and branched carbon 
chains having at least one carbon to carbon triple bond 
and, unless otherwise speci?ed, contains from 3 to 6 
carbon atoms; 

cycloalkyl—(including the cycloalkyl portion of cy 
cloalkylalkyl) represents a saturated carbocyclic ring 
having from 3 to 7 carbon atoms e.g cyclohexyl 

spirocarbocyclic ring-represents a saturated cyclo 
alkyl ring having from 3 to 7 carbon atoms and having 
one carbon atom thereof common to the ring t in for 
mula Ia or Ib; 

aryl—represents a carbocyclic group containing from 
6 to 15 carbon atoms and having at least one benzene 
ring, with all available substitutable carbon atoms 
thereof being intended as possible points of attachment. 
More preferably, aryl is phenyl or substituted phenyl; 

substituted phenyl—represents phenyl substituted 
with up to 3 substituents U, V and/or Z as defined 
above or with a group selected from —O(CO)—O-— or 
-—OCH2O— via adjacent carbon atoms of the phenyl 
ring. Preferably, the substituents are independently 
selected from hydroxy, alkoxy, alkanoyloxy or dialkyl 
carbamoyloxy; and 

aromatic heterocyclic—represents cyclic groups hav 
ing at least one 0, S and/or N in the ring structure and 
having a sufficient number of delocalized pi electrons to 
provide aromatic character, with the aromatic hetero 
cyclic groups preferably containing from 2 to 14 carbon 
atoms, e.g., 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thie 
nyl, 2-, 4- or S-thiazolyl, 2- or 4-imidazolyl, 2-, 4- or 
S-pyrimidinyl, 2-pyrazinyl, 3- or 4-pyridazinyl, 3-, 5- or 
6-[l,2,4~triazinyl], 2-, 3-, 4-, 5-, 6- or 7-benzofuranyl, 2-, 
3-, 4-, 5-, 6- or 7indolyl, 3-, 4- or S-pyrazolyl, 2-, 4~ or 
S-oxazolyl, etc., with all available substitutable carbon 
atoms thereof being intended as a possible point of at 
tachment. ' 

Also, the lines drawn into the rings as in formulas Ia, 
Ib, and lo above are intended to indicate that the substit 
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uent group may be on any available position on such 
ring. 
Compounds of the invention of formulas Ia and lb 

can exist in unsolvated as well as solvated forms, includ 
ing hydrated forms, e.g., hemihydrate. In general, the 
solvated forms, with pharmaceutically acceptable sol 
vents such as water, ethanol and the like are equivalent 
to the unsolvated forms for purposes of this invention. 

Certain compounds of the invention isomeric forms. 
The invention contemplates all such isomers both in 
pure form and in admixture, including racemic mixtures 

Certain compounds of the invention also form phar 
maceutically acceptable salts with organic and inor 
ganic acids, e.g., compounds having basic nitrogen 
atoms. Examples of suitable acids for salt formation are 
hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, 
malonic, salicylic, malic, fumaric, succinic, ascorbic, 
maleic, methanesulfonic and other mineral and carbox 
ylic acids well know to those in the art. The salts are 
prepared by contacting the free base form with a suffi 
cient amount of the desired acid to produce a salt in the 
conventional manner. The free base forms may be re 
generated by treating the salt with a suitable dilute 
aqueous base solution such as dilute aqueous sodium 
hydroxide, potassium carbonate, ammonia and sodium 
bicarbonate. The free base forms differ from their re 
spective salt forms somewhat in certain physical prop 
erties, such as solubility in polar solvents, but the salts 
are otherwise equivalent to their respective free base 
forms for purposes of the invention. 

Certain compounds of the invention will be acidic in 
nature, e.g. those compounds wherein U, V or Z is OH. 
These compounds may form pharmaceutically accept 
able salts. Examples of such salts are the sodium, potas 
sium, calcium, aluminum, gold and silver salts. Also 
contemplated are salts formed with pharmaceutically 
acceptable amines such as ammonia, alkyl amines, hy 
droxyalkylamines, N-methylglucamine and the like. 
The compounds of formula Ia and lb can be prepared 

by the processes A-H described below. In these pro 
cesses the substituents R1, R2, R3, R“, A, T, U, V, Z, and 
W are as de?ned above, unless otherwise indicated. 

A. To prepare a compound of formula I wherein R3 
and R4 together represent a carbonyl oxygen, T repre 
sents H, and W is as de?ned above excluding halogen, a 
compound of formula II may be reacted with a base 
such as aqueous NaOI-I, etc: 

U 

III 

This reaction can be performed at any suitable tempera 
ture depending upon the base (e.g., with NaOH ele 
vated temperature of from about 50° C to about 70° C 

20 
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6 
may be employed) and may be run in an inert solvent 
such as tetrahydrofuran (T HF). 
The compounds of III may be converted to other 

compounds of formula I (e.g., compounds of formulas 
IV, IVa, Va, VI, VII, IX, X and XI below) by various 
techniques as illustrated below. For example, a com 
pound of formula III may be hydrogenated to prepare a 
compound of formula IV: 

U R1 R2 
A 

m hzéwwaiiaa; v agent 
w 

ll 
2 0 

IV 

This reaction may be performed under conventional 
conditions for hydrogenation of ole?nic double bond, 
e.g., by hydrogenation with palladium on activated 
carbon as a catalyst. 

If W in formula IV is H, the groups W‘ and W2 can be 
introduced as described below. For example, a com 
pound of formula IVa may be reacted with a compound 
of the formula WIL1 and base to prepare a compound of 
formula Va: 

U R1 R7 

A b 
v + wlLl __as._e_> 

ll 
2 o 

lVa 

U R1 R2 

A 
v 

w] 
ll 

2 0 
Va 

wherein L1 is a leaving group such as a chloro, bromo 
or iodo, and W1 represents alkyl, halo, —(CO)R6, 
CHZQ, (CO)OR6 or -——CH1OR5. This reaction can be 
performed with a base such as NaH or lithium diiso 
propylamide in THF. 
A compound of formula IVa may also be reacted 

with lead tetraacetate to produce a compound of for 
mula VI which may be hydrolyzed and then reacted 
with a compound R5 L2 or QCI-IZL2 or R6OOC(CH2_ 
)n—L2- ' 

Na + Pb(OOCCH5)4 —-> 

U 

VI 
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-continued 
U 

R1 R1 

W2 

VII 

wherein W2 represents 0R5, O(CI-I;>_)nQ, O(CI-I2) 
nCOOR6 or O(CO)R6 and L2 represents a leaving group 
such as bromo or iodo. 
To prepare a compound of the invention of formula 

IX, a compound of formula IV is reacted with a com 
pound TL3 in the presence of base: 

U R1 R2 
A 

v + T1.3 —--—>base 

w 
N 

Z 0 
IV 

U R1 R2 
A 

v 
T 

ll w 
2 

IX 

wherein L3 is a leaving group such as bromo or iodo. 
The compound of formula IX may be hydrogenated 

to form a compound of the invention of formula X: 

h dro enatin 
IX 

agent 
V 

The compound of formula IX may also be reacted 
with a compound of the formula R3M to prepare a 
compound of formula XI: 

wherein M represents a metal or metal salt such as Li, 
MgBr, TiCl3 (when R3=CH3), NaBH4 (when R3=H), 
etc. 
The compounds of formula II may be prepared from 

known materials. For example, a compound of formula 
XII may be reacted with a halogenating agent such as 
SOCI2 or (COCl); to form the corresponding acid hal 
ide of formula XIII which is then reacted with a com 
pound Az-Ma wherein Ma represents copper, cadmium, 
etc., or alternatively with the compound “AH” in the 
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8 
presence of a Lewis acid, e.g., AlCl3, to produce a 
compound of formula XIV: 

U 

CI-b-COOH 
COCI v ( )2 E 

Z 
XII 

U 

CHZCOCI 
Az-M” 

v or AH/Lewis acid 5 

Z 
XIII 

U 

CHy-CO-A 

V 

Z 
XIV 

Compounds of formula XIV can be alternatively 
prepared by reacting a compound of formula 2A with a 
compound of formula 2B in the presence of base, such 
as NaH, in an organic polar solvent, such as DMF. 
Compounds to such as 2C can be prepared by following 
the literature procedure, see Tetrahedron, 31, 1219 
(1975). If it is desired that R1 and/or R2 represent alkyl, 
—CH2— alkenyl alkenyl or -CH2-alkynyl groups, 
they can be introduced into the compounds of formula 
XIV by reaction in succession with compounds of the 
formulas R1‘1L4, and RlaU in the presence of base such 
as NaH or lithium diisopropylamide: 

Rla 
I 
CH-CO-A 

RlaL4 R2aL4 
XIV ?nk V ?ns‘: 

Z 
XV 

u R10 R2‘ 

C-CO-A 

V 

Z 
XVI: 

wherein L4 represents a leaving group such as bromo or 
iodo and R1'1 and R2'7 each independently represent 
alkyl, —CH2-alkenyl or —CH2-alkynyl groups. The 
order of the reactions with RlaL‘ and Rzl'L3 may be 
reversed. 
The —CI-I2-alkenyl groups described above may be 

converted to alkenyl (R1 or R2) groups having the car 
boa-carbon double bond alpha relative to the carbon 
atom to which such groups are attached by treatment 
with iron carbonyl, e.g., Fe(CO)5. 
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The compound of formula XVI may be reacted with 
a compound of the formula L4(CO)CI-I2W in the pres 
ence of a Lewis acid to produce a compound of formula 
II: 

R2 
/ 
C-CO-A 0 

XVI 

wherein L4 is a leaving group such as chloro. 15 
As an alternative method for making compounds of 

formula III wherein W represents OR5 or OCHZQ, a 
compound of formula IVa may be reacted with isoa 
mylnitrile in ethanol and HCl to produce a compound 
of formula XVII: 20 

I-ICl 

25 

OH 

XVII 

30 
If it is desired that W represent 0R5a (wherein R50 
represents R5 other than H) or OCHZQ, the compound 
of formula XVII is reacted with a compound of the 
formula R‘IL6 in the presence of a base such as NaH, 
wherein Rd represents R5” or CH2Q and L6 represents 
a leaving group as bromo or iodo: 

U R1 R1 
| A 

XVII + RdL6 923-) v 

0Rd 

XVIII 45 

B. A compound of formula XIX may be reacted with 
a strong acid such as polyphosphoric acid to form a 
compound of formula IVa: 

50 
U 

A 

v acid ; 

c=o 55 

2 R80 

XIX 

IVa 

10 
wherein R3 represents an alkyl group such as methyl or 
ethyl. The compound of formula IVa may then be 
treated as discussed above to produce other compounds 
within the scope of formula I. 
Compound IVa can be converted to compound IIIa 

by treatment with an appropriate oxidizing agent such 
as 2,3-dichloro~5,6-dicyano-1,4-benzoquinone (DDQ): 

U R1 R2 

A 

v oxidizing 5 
agent 

ll 
2 O 

IVa 

U R1 R2 

A 
V 

ll 
2 0 

111a 

This reaction may be performed at about room tempera 
ture, using an appropriate solvent, e.g., CI-IgClZ or THF. 
The compounds of formula XIX may be prepared by 

reducing a compound of formula XX to the correspond 
ing aldehyde, e.g., by reaction with lithium aluminum 
hydride and then with an oxidizing agent such as 
pridium dichromate: 

U R1 R2 

CO2CH3 (I) LiAlm 
V i 

2) on 
dizing 
agent 

2 

XX 

U R1 R1 

CHO 
V 

Z 

XXa 

The aldehyde XXa is then reacted with 

in the presence of a base such as NaH to form a com 
pound of formula XXI, which is then reacted with a 
compound of the formula ALi in the presence of CuI 
and BF3 to form a compound of formula XIX: 

ll 
(CzI-IshPCHzCOOR' 

XXa 
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-continued 

U R1 R1 

vgi %) XIX 
c—oRe BF; 

Z 0/ 
XXI 

The last reaction may be performed at low temperature, 

e.g., from about —78° C. to about 0° C. in an inert 

solvent such as THF. 

Alternatively, the aldehyde of formula XXa can be 

prepared by reacting the alcohol of formula XXII with 

a compound I-IL6 such as I-IBr, I-ICl, etc., to form a 

compound of formula XXIII, which is then reacted 

with Li in the presence of dimethylformamide (DMF): 

U R1 R2 

on 6 
v HI. 9 

z 

xxn 

U RX R2 

L6 
Li 

V m9 >0“ 

2 

XXIII 

wherein R2‘, is alkyl and L6 is a leaving group such as 

chloro, bromo, etc. 
A compound of formula XIX may alternatively be 

prepared by reacting a compound of formula XXIII 

with a compound of formula XXIV and Li dispersed in 

THF: 

wherein L6 is as de?ned above. 

C. A compound of formula XXV may be reacted 

with a strong acid such as trifluoroacetic acid to form a 

compound of formula XXVI: 

‘ 5,225,436 
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u R1 R2!’ 
\ i 
C 

v \CH__A acid 
/ 

CH2~CH2 

Z 

XXV 

U R‘ R2 

A 
V 

H H 
Z 

XXVI 

wherein Rzb represents the precursor of the group R2. 

The compound of formula XXVI may be oxidized to 

the corresponding keto compound of formula IVa, e.g., 
by reaction with chromic anhydride or DDQ. 

oxidizin XXVI —————'g->agem 

IVa 

The keto compound of formula IVa may be substituted 

with W, T and other R3 and R4 groups as described 

above. 

The compounds of formula XXV may be prepared by 
reacting a comound of the formula XXVII with a com 

pound H-—(CO)—-A in the presence of base to form a 

compound of formula XXVIII, which is then reacted 
with a compound XXIX where M represents, e. g., Li or 

MgBr, in the presence of a copper halide or copper 

cyanide to give a compound of formula XXIV, which is 
reduced, for example, by hydrazine in the presence of 
base at elevated temperature, e.g., about l30'-170° C., 
to generate the compound of formula XXV where 
ill-412a represents :RZ": 

U 

0 

H1! 5 A 
v base 

co-cn; 

Z 

XXVII 
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-continued 
U 

CH-A 

CH 

CO 

XXVIII 

XXIX xxvlu ATE-1% 

R20 

U l 
1 A 

V 

CO 

Z 

XXIV 

D. A compound of formula IIIa may be prepared by 
reacting a compound of the formula XXX with a strong 
acid: 

U R1 R2 
A 

CECOCH H“ v OH 2 s -—> 

2 

xxx 

U R1 R2 

A 
v 

ll 
2 o 

Illa 

The compound of formula IIIa may then be hydroge 
nated to produce a compound of formula IVa which 

may then be reacted to provide appropriate other W, T, 
R3 and R4 substituents as described above. 

A compound of formula XXX may be prepared by 
reacting a compound of formula XVI above with 

BRmG--C.—:-C—OC2H5: 

E. A compound of formula IVa may be prepared by 
reacting a compound of the formula XXXI with A2-M 

in the presence of Ni(acac)2 wherein acac is acetylac 
etonate: 
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U R1 R1 

AgM 
V Ni(acac)2 E 

II 
Z 0 

XXX] 

U R1 R2 

A 
V 

II 
Z O 

IVa 

wherein M is a metal such as Zn. 

The compound of formula XXXI may be prepared by 
reacting a compound of formula XXa above with 
BrMgCEC—OC1H5 to produce a compound of for 
mula XXXII which is then treated with strong acid 
such as tri?uoroacetic acid to provide XXXI. 

U R1 R2 

v CH0 nrmgczcoczns E 

z 

XXa 

U R1 R2 

cit-on v c 

I" 
c 

z 
C2H5—-0 

xxxn 

U R1 R2 

xxxn “m v 
acid 

ll 
2 o 

XXXI 

F. To prepare compounds of formula Ib, a compound 
of formula XXXIII is reacted with base and a com 

pound of the formula L7A, to produce a compound of 
Formula XXXIV. The base is a hindered strong base 
such as Lithium cyclohexyisopropylamide, and L7 is a 

leaving group such as bromo or iodo. Compounds of 
formula Ib may also be prepared from a compound of 
formula XXXII! with a base and L7A in the presence of 
Ni(COD)2 wherein COD is cyclooctadiene. 
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U R1 R2 

D 1 base 
v L9 (2) L7A 

ll 
2 o 

xxxm 

U R1 R2 

D 
v . 

A 

ll 
2 o 

XXXIV 

The compounds of formula XXXIII may be prepared 
by reacting a compound of formula XXXI above with 
D-M: 

U R1 R2 

v D-M E 

N 
Z O 

XXXI 

U R‘ R2 

D 
v 

ll 
Z O 

XXXIII 

wherein D represents alkyl, SR5 

0 
II 

or -C—R5 

while M is Zn, Li or Ni, respectively. 
G. Alternatively, a compound of formula XXXIV 

may be prepared by a compound of formula XXXV 
with Dz-M in the presence of Ni(acac)2 when D is alkyl 
or with DM when D is (CO)R5: 

U R1 R2 

Dr-M 
v Ni(acac)1 E 

A or DM 

ll 
2 O 

XXXV 
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-continued 

U 
R1 R1 

XXXIV 

wherein M is Zn and Ni, respectively. 
To prepare a compound of formula XXXV, a com 

pound of formula XXa above may be reacted with a 
compound of XXXVI to produce XXXVII, which 
under basic conditions may convert to a compound of 
formula XXXV: 

U R1 R1 

cuo 
v + 

z 

XXa 

ii 
LSCCHZA 3%) 
xxxvr 

U R1 R2 

CHO 

v ELL) xxxv 

c—cr-i2-A 
ll 

2 

xxxvn 

wherein L8 is a leaving group such as chloro. 
Alternatively, a compound of formula XXXV can be 

prepared by oxidation of a compound of formula 
XXXIVa, for example use DDQ (dichlorodicyanoqui 
none) as oxidizing agent. 

U 

XXXV 

Compounds of formula XXXIVa can be prepared from 
XXXIIIa by literature procedure ( JACS, 93 3658 
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(1971)). XXIIIa in term can be prepared from XXXI by 
simple hydrogenation. 

U R1 R2 

1'12 E 

N 
Z O 

xxxr 

U R 1 R2 U R1 R2 

v‘@ Base v L-A 
A 

II ll 
2 o z 0 

XXXlIla XXXIVa 

where L is a leaving group such as brorno or iodo. 
H. To prepare compounds of formula XXXVIII 

wherein R3 and R4 together represent =N——OR6, 
_—_N-—N(R6)2, =N—NH(CO)R6, :N—NI-I(SO;)R6 or 
=N——NH(CO)NH2, a compound of formula IX is re 
acted with an appropriate compound of the formula 
NH2—-MM, where MM is CR6, —N(R6)1, ——NH 
(CO)R6, -—NH(SO2)R6 or —NH(CO)NH2, by conven 
tional techniques e.g., re?ux in ethanol or l-butanol. 

U 
R1 R2 

A 

NaOAc 
v T +NH2MM CZHSOH 

W 
ll 

2 0 

R1 R1 

XXXVIII 

Alternatively compounds of formula XXXVIIIa, 
where MMzOH may be prepared by reaction of com 
pounds of formula XXXIX with a strong base and TL. 
The strong base, for example, is n-butyl lithium. L is a 
leaving group such as chloro, brorno or iodo. 

U R1 R2 
A Strong 

Base 
v TL 9 

ll 
Z N 

\ 
> OH 

XXXIX 
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25 
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—continued 

U R1 R2 
A 

V T 

w 
ll 

Z N 
\ 
OH 

XXXV Illa 

A compound of formula XXXIX may be prepared by 

reacting with a compound of formula XXXXIII with a 

strong base and WL. 

Base 5 
WI. 

OH 
XXXXII 

XXXIX 

where L is a leaving group such as chloro, brorno or 

iodo. 

To prepare compounds wherein R3 and R4 together 

represent :N—O(CO)R6, XXXXII, a compound of 
formula XXXVIIIa may be reacted with R6(CO)L in 

the presence of base. 

U R1 R1 
A 

6 
XXXVIIIa R B00 L v T 

w 
ll 

2 M 
\ 

O-—t|2|2-R6 
xxxxnl o 

where L is a leaving group, such as chloro. 

To prepare compounds wherein R3 is H and R4 are 

NH(CO)R6, XXXXVI, a compound of formula 
XXXXII may be reacted with R6(CO)Cl in the pres 

ence of base. Compound XXXXIV in term can be pre 

pared from XXXXV by NaBH4 reduction in the pres 
ence of Lewis acid, for example TiCl4. 
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U R1 R2 

A NaBl-L; 
v W TiCl4 9 

T 
ll 

2 N-QR6 

xxxxv 

U R1 R2 

A 

V w —9 

T 

2 NH; 

XXXXIV 

U R1 R2 

A 
v 

T 
z N 

/ \ 
H c(o)R6 

XXXXVI 

Compounds of formula Ib wherein R3 and R4 repre 
sent substituents other than carbonyl can be prepared 
from a compound of formula XXXIV in the same man 
ner as described above in section A with regard to 
compounds of formula la. 
The compounds of formula Ic, Id and le can be pre 

pared by the processes described below‘ In these pro 
cesses substituents R1, R2, R5, R6, R7, R8, R9, R10, R11, 
A,M,N,T,U,V,Z and W are as de?ned above unless 
otherwise indicated. 
To prepare the compounds of formula Ic wherein M 

is oxygen and R10 and R11 together represent a carbonyl 
oxygen, a compound of formula IVa may be reacted 
with a oxidizing agent such as meta-chloroperbenzoic 
acid or hydrogen peroxide in acetic acid 

U R1 R2 

oxidizing 
A A em 

v __£% 

ll 
2 O 

IVa 

u R2 A 
RI 

V 

0 §() 
2 

L 

This reaction can be performed at any suitable tem 
perature from — 10° to room temperature and may be 
run in an inert solvent such as methylene chloride. 
The compounds of formula L may be converted to 

other compounds of Ic by various procedures as illus 

10 

15 

20 

25 

35 

45 

55 

65 

20 
trated below. For example, a compound of formula L 
may be reacted with a compound of the formula WL 
and base to prepare a compound of formula: 

R2 
Rl 

L+WL 2596-9 v 

LI 

wherein L is a leaving group such as chloro, bromo 
or —iodo, and W represents alkyl, halo, —-(CO)R6 or 
—-CH2OR5. This reaction can be performed with a base 
such as sodium hydride or lithium diisopropylamide in 
an appropriate solvent, such as tetrahydrofuran. 
To prepare a compound of the invention of formula 

LII a compound of formula L1 is reacted with a com 

pound, TL, in the presence of base, such as sodium 
hydride, potassium hydride, lithium diisopropylamide: 

Base 
LI+TL v 

LII 

wherein L is a leaving group such as chloro, bromo or 
iodo. 
To prepare a compound of the formula LIII, a com 

pound of formula L is reacted with cyclopentadienyl 
titanium: 

u R2 A 
Rl 

C T =CH v P2 1 2 5 

0 §O 
Z 

L 

U R1 A 
R1 

v 

0 \ 
\cnz 

2 

Ln] 

This reaction can be performed at any suitable tem 
perature, such as 0° C. to room temperature, in an or 

ganic solvent, e.g., methylene chloride or TI-IF (see 
JACS, 102, 3270 (1980). 
The compound of formula LIII may hydrogenated to 

form the compound of formula LIV: 
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U 
u R2 A R] R2 

R1 A 

5 v CH3SO3C1 5 
LI“ III a v Pyridine 

ll 
0 CH3 Z N 

2 H \ 
OH 

LIV 10 LVIII 

U 1 2 
The sulfur compound of the formula LV may be R R 

. . A 

prepared by reacting a compound of formula LIV with 15 v Acid 

phosphorous pentasul?de: 
ll 

2 N\ 2 
U R] R A OCH3 

20 LIX 
P255 

LIV % V 
u R2 A 

R1 
0 §S 

z 
25 v 

LV 

2 v This reaction can be performed in an organic solvent, H 

such as toluene, at the boiling point of the solvent. 30 LX 

To prepare the compound of formula Ic wherein M is 

oxygen and R10 and R11 are both H, a compound of 

formula L is reacted with a reducing agent, e.g. lithium 

aluminum hydride, to afford a compound of formula 35 

LVI: 

R1 R2 

LVI 

OH 
OH 

This compound is cyclized by reaction with diethyl 
azodicarboxylate and triphenyl phosphine in an appro 

priate solvent, THF, at room temperature: 50 

LVI (P1031, V 

LVII 

To prepare compounds of formula Ic where M is 

—NI-l— and R10 and R" together represent a carbonyl 

oxygen, a compound of the formula LVIII may be 65 

reacted with methanesulfonyl chloride in pyridine to 
form the compound of a LIX: 

The compound of formula LIX may then be rearranged 
to a compound of formula LX by treatment under 
acidic conditions, for example aqueous hydrochloric 
acid in an organic solvent such as tetrahydrofuran, or 
passing the compound of formula LIX over silica gel 
The sulfur compound of formula LXI may be pre 

pared by reacting a compound of formula LX with 
phosphorous pentasul?de 

U R2 A 
R] 

PS 
LX 25 v 

N \ 
| \s 

Z H 

LXI 

To prepare a compound of formula Ic wherein M is 
—CH;-—- and R10 and R11 together represent a carbonyl 
oxygen, a compound of the formula IVa may be reacted 
with trimethylsilyl diazomethane in the presence of 
boron trifluoride to afford 

BFgEtzO 
W“ TMSCHNZ > 

U R1 R2 A 

V + 

// 
z o 

LXII 
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-continued 
U R1 R2 A 

\\ 
o 

LXIII 

The reaction can be performed at a suitable tempera 
ture, e.g. between -—78° C. to 0° C., and may be run in 
an inert solvent such as methylene chloride. The com 
pounds of formula LXII and LXIII may be isolated by 
conventional techniques, such as chromatography. 
To prepare a compound of 1c wherein M is CR7R3, 

R10, and R11 together represent a carbonyl oxygen, a 
compound of the formula LXIII is reacted with a com 
pound R7L and a base, e.g. sodium hydride or lithium 
diisopropylamide: 

U R1 R2 

O 

LXIV 

where L is a leaving group such as brorne or iodo. 
Reaction of a comopund of formula LXIV with a 

compound REL in the presence of base as above affords 
the compound of formula LXV 

R1 R2 A 

z R7R3 o 

To prepare compounds of the formula Ic wherein M 
is —-NH— and R10 and R11 are both hydrogen, a com 
pound of the formula LIX may be reacted with a reduc 
ing agent, such as diisopropylaluminum hydride and 
lithium aluminum hydride, in an inert organic solvent, 
for example toluene 

U R] R2 
A DIPAH 

LiAl 
v ___H‘% 

II 
Z N 

\ 
LIX OCH3 

1O 
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24 
-continued 

R2 A 

LXVII 

To prepare compounds of formula Ic wherein M is 
—-NH— and R10 is alkyl, a compound of formula LIX 
may be reacted with (R13)3Al and diisobutylaluminum 
hydride: 

(awn/u 
LIX DlBAl-l > 

U R‘ R2 A 

v g g 
If R10 

Z H 

Lxvln 

This reaction may be performed in a inert organic 
solvent, such as toluene or methylene chloride. 
To prepare a comound of the formula LXVIX, a 

compound of the formula LXVII may be reacted with 
an acid chloride in pyridine at a temperature of from 0° 
C. to room temperature: 

LXVII 7%??? 

U R1 R1 A 

v 

N 

2 )=0 
LxvixR 

To prepare compounds of formula Ic where M is 
—NH1’ and R1‘J and R11 are alkyl, allyl, a compound of 
formula LXVI is reacted with (R1°)3Al and R11 MgBr: 

LXX 

References for the ring expansions of methoximer are 
Pure and Appl. Chem, Vol. 55, No. 11, (1983) and 
Angew. Chem. Int. Ed. Eng. 24,668 (1985). 
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To prepare a compound of the formula LXXI, a 
compound of formula LXVI is reacted with trimethyl 
silyl diazomethane in the presence of borontrilluoride 

R1 R2 
N 

V CH(TMS)N2 
BF3.EIZO E 

H 
z o 

LXVI 

U R1 R2 N 

v 

// 
z o 

LXXI 

This reaction may be performed in methylene chlo 
ride at low temperature, such as —78° C. 
The compound of formula LXXI may be reacted 

with a compound of formula WL and base, such as 
sodium hydride, potassium hydride, to prepare a com 
pound of formula LXXII: 

1.xxr + WL 3% 

LXXII 

where L is a leaving group such as chloro, bromo or 
iodo. 
The compound of formula LXXII may be further 

reacted with a compound TL in the presence of base to 
prepare a compound of formula LXXIV: 

Lxxn + TL 29% 

// 
o 

W 
T 

LXXIII 

where L is a leaving group as noted above. 
Compound LXXII can be converted to compound 

LXXIV by treatment with an appropriate oxidizing 
agent such as 2,3-dichloro or -5,6~dicyano-l,4-benzoqui 
none (DDQ): 

LXXII + WL we 
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-continued 

// 
o 

LXXIV 

To prepare compounds of the formula LXXV 
wherein R10 and R11 together represent =N—OR6, 
=N—N(R6)2, =N-NH(CO)R6, =N—NI-I(SO2)R6 or 
=N—NH(CO)NH2, a compound of formula LXXlll is 
reacted with an appropriate compound of the formula 
NH2——MM, where MM is OR", —N(R6)2, ——NH 
(CO)R6, -—NI-I(SO2)R6 or —NH(CO)NH2, by conven 
tional techniques, e.g. reflux in ethanol or l-butanol: 

LXXIII + WL NHMM 

U R1 R1 

v 

// ' T 
z N w 

\ 
LXXVI MM 

To prepare a compound of formula LXXVII, a com 

pound of the formula LXXVI is reacted with trimethyl 
silyl -chloride in the presence of a base, such as potas 
sium hydride: 

TMSCI ; 
KH 

// 
o 

LXXVI 

OTMS 

LXXVII 

This compound of formula LXXVII is reacted with 
palladium acetate and 1,4-benzoquinone in acetonitrile 
to afford the compound of formula LXXVIII: 

mom): 
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-continued 
U R1 R1 

// 
o 

LXXVIII 10 

The compound of formula LXXIX is prepared by 
reacting a compound of formula LXXVIII with a com 
pound A-Met wherein Met is Li or MgBr in the pres 
ence of CuCN or CuI: 15 

AMet 
LXXVIII W 

or 

CuI 
20 

U R1 R2 

// 
o 

LXXIX 

To prepare compounds of the invention of formula Ic 30 
or Id wherein R10 and RH together represent 
:N—OR6, _—_N—N(R6)2, :N—NH(CO)R6, 
:N—NI-I(SO2)R6 or :N—NH(CO)NH2. a comopund 
of the formula 1c or Id wherein R10 and RH together 
represent a carbonyl oxygen is reaced with an appropri 
ate compound of the formula NH2—MM, where MM is 
CR6, —N(R6)2,—NH(CO)R6, —NH(CO)NH2, by con 
ventional techniques, e.g. reflux in ethanol or l-butanol 

R2 A 

45 

NHZMM 
LXIII ————> 

55 

LXXXI 

To prepare compounds of the invention 10, where the 65 
dotted line represents a double bond, a compound of 
formula LXII is reacted with RSMet in the presence of 
C€Cl3 to give a compound of formula LXXXII, where 

28 
R3 is alkyl, alkenyl, alkynyl Q or —-CH;>_Q and Met is Li 
or MgBr: 

5 s 
LXI] 

u R1 R2 A 

v 

2 R8 on 

Lxxxn 

The compound of formula LXXXII can be reacted 

with pyridine and POCL3 in an organic solvent, e.g. 
benzene at a temperature of 0° C. to room temperature 

to give a compound LXXXIII: 

POCI; 
LXXXII W 

U R1 R2 A 

v 

2 R8 

Lxxxin 

In the above processes, it is many times desirable 
and/or necessary to protect certain groups from reac 

tion, e.g., the groups in column 1 of the following table. 
Conventional protecting groups are operable. Preferred 
protecting groups appear in column 2 of the table. 

1‘ Group to be 
Protected 2. Protected Group 

-COOH -COOalkyl, —-COObenzyl, —COOphenyl, 

O 

+o§~cn3 O 

\ 
NH N—C01alkyl, N—CO2bcnzyl, 

/ 

N—-COZCHZCCI3 

C \C/ \C/ \C/ O 
/ 0/ \o. 0/ \o, s/ \s 



5,225,436 

15 

29 
‘continued 

1. Group to be 
Protected 2. Protected Group 

—OH 

-0 —OCH3, 

O 

_OCHZOCHZCHZOCH3 

—NH2 0 
\\ 

—N 

// 
0 

Of course other protecting groups well known in the art 
may be used. After the reaction or reactions, the pro- 20 
tecting groups may be removed by standard procedures 
well known in the art. 
The compounds of formula Ia and lb may also be 

converted to other compounds of the invention by 
methods conventional in the art. For example, certain 25 
U, V and/or Z substituents may be changed to other U, 
V and/or Z substituents within the scope of the inven 
tion. In one such method, a U, V or 2 OH group may 
be converted to a —O(CH2),,Q group by treatment with 
a compound L9—(CH2),,Q group in the presence of 30 
base wherein L9 is a leaving group such as bromo or 
iodo. Also, a compound of formula Ia or lb wherein W 
and D represent OH may be converted to acetyloxy 
groups by treatment with acetic anhydride. 

30 
The compounds of this invention can be used to treat 

allergies and a preferred use is for treating allergic 
chronic obstructive lung diseases. Chronic obstructive 
lung disease as used herein means disease conditions in 
which the passage of air into and out of the lungs is 
obstructed or diminished such as is the case in asthma, 
bronchitis and the like. 
The anti-allergy method of this invention is identi?ed 

by tests which measure a compound‘s inhibition of 
leukotriene release in sensitized guinea pigs. Sensitized 
guinea pigs are killed by a blow to the head and the 
lungs removed and cleaned of visible connective tissue, 
trachea and large blood vessels. The lungs from individ 
ual animals are sliced into fragments approximately 1 
mm in thickness using a Mcllwain tissue chopper and 
then washed with oxygenated Tyrode’s buffer. 
Weighed aliquots (approximately 400 mg wet weight) 
of lung are transferred into vials containing 2 ml of fresh 
Tyrode’s solution (containing 10 mM cysteine) and 
incubated in the presence or absence of test compound 
for 12 min at 37° C. The tissues are then challenged with 
20 pg ovalbumin/ml (?nal concentration) and incu 
bated for 15 min. To measure leukotriene release, an 
aliquot of supernatant ?uid is extracted with 4 volumes 
of 100% ethanol. After removal of the precipitated 
protein, the clear ?uid is dried under a stream of N2 gas. 
The leukotriene content is measured by a radioimmuno 
assay using [3H]LTC4 and antiserum obtained from 
New England Nuclear. The cross-reactivity of the anti 
serum for LTD4 is 55%. Percent inhibition of lekotriene 
release is calculated by comparing for each lung the 
release in the presence of the test compound to that in 
the absence of test compound. Representative com 
pounds of the invention at a relative dose of 50 p.M of 
tissue are found to inhibit leukotriene release in the test 
procedure as indicated below in Table 1: 

TABLE 1 
Inhibition of SRS-A Release from Antigen-Challenged. Sensitized Guinea Pig Lung 

CH3 CH3 
L 

a. E J 
R3 R4 G 

P 

"- equals Dose % 

R3/R“ E o J P K L double bond urn Inhibition 

=o OCl-lg OCl-l3 H OCH; OCH3 yes so 55 
=o 0H OH H 0H 0H yes so 77 
= OCH; OCH; 0H OCH; OCH; yes so 24 
= 0H 0H 0H 0H 0H yes so 21 
= OCH; OCH; H OCH; OCH; no so 62 
= 0H OH H OH OH no so 67 
=0 0H on H OH OCH; yes so 43 
= OCH; OCH; H OH OCH; yes so 10 
= OCH; OCH; OAcI'Z OCH; OCH; no so 12 
= oAel 0A0‘ OAc1'2 oAe1 oAol no so 41 
=0 oAe1 OAcl H oAel OAc' no so 48 
= 0m‘ 0m‘ 0m1 OAcl OAcl no so 26 
= oAol OAcl H oAoI oAel yes so 48 
H,H OCH; OCH3 H OCH; OCH; no so 5 

CH3 CH3 
L 

E 

K R3 R4 J G 

=0 OCH3 OCH3 H OCT-l3 OCH3 OCH3 no l0 14 
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TABLE l-continued 

Inhibition of SRS-A Release from Antigen-Challenged, sensitized Guinea Pig Lung 

= H H H OCH; H OCH; no 10 64 

=N—-OH OCH; OCH; H OCH; H OCH; no 50 75 
=N-OH OCH; OCH; H OCH; H OCH; no 10 35 
= OCH; OCH; CH; OCH; H OCH; yes 10 20 

OH OCH; OCH; H OCH; H OCH; no 10 i0 

0 
ll 

=N—NH—C 

=N-NH(CO)NH2 OCH; OCH; H OCH; H OCH; no 10 14 
=N-OH OCH; OCH; CH; OCH; H OCH; no 10 13 
=N-OH OCH; OCH; H OCH; H OCH; yes 30 04 
=0 OCH; OCH; CHO OCH; H OCH; no 3O 19 
H,NH(CO)CH; OCH; OCH; H OCH; H OCH; no 30 11 
H, NH; OCH; OCH; H OCH; H OCH; no 30 O4 

OCH; OCH; H OCH; H OCH; no 3O 14 

HS C] 

o OCH; OCH; H OCH; H OCH; no 30 23 
/ 

\ 
O 

=N-OCH; OCH; OCH; H H H OCH; no 30 04 
=0 OCH; OCH; H H H OCH; no 30 28 
H.H OH OH H OH H OH no 10 16 

IAcO = acelyloxy; 
2ArcO trans to 343,4-diaceiyloxyphenyi); 
3Ac0 cis w MBA-diacctyloxyphcny]); 
‘Expected \0 have activity a! higher dose. 

OCH; 

CH3 CH3 

CH3O 

K 
II OCH; 

OCH; 0 

K Dose um % Inhibition 

H 30 33 

OCH; 30 21 

CH; CH; 

CH;O 

A 
E 

II 
OCH; 0 

A 8 Dose %Inhibition 

30 01 

"'CH; OCH; 

3O 16 

—CH2 OCH; —CH; OCH; 

lExpected to have activity a! higher dose. 
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TABLE l-continued 

34 

Inhibition of SRS-A Release from Antigen-Challenged. Sensitized Guinea Pig Lung 

X % Inhibition 

NH 45 
NH 57 
NH 65 
O 59 
CH; 47 
CH2 =N-OH OCI-I3 3O 46 

OCH3 

OCH3 

X W 1 Dose pM % Inhibition 

O H H 30 78 
N-OH H H 30 58 
0 CH3 CH3 3O 25 
O H CH3 30 61 

The anti-allergy method of this invention is identi?ed 
by tests which measure a compound’s inhibition of ana 
phylactic bronchospams-in sensitized guinea pigs hav 
ing antigen-induced SRS-A mediated bronchoconstric 
tion. Allergic bronchos‘pams was measured in actively 
sensitized guinea pigs by a modi?cation of the proce- 40 
dure of Konzett and Rossler, Arch. Expll. Pathol. Phar 
mak0I., 194, pp. 71-74 (1940). Male Hartley guinea pigs 
were sensitized with 5 mg ovalbumin injected ip and 5 
mg injected sc in 1 ml saline on day l and 5 mg ovalbu 
min injected ip on day 4. The sensitized animals were 45 
used 3-4 weeks later. To measure anaphylactic bron 
chospasm, sensitized guinea pigs were fasted overnight 
and the following morning were anesthetized with 0.9 
ml/kp ip dialurethane. The trachea and jugular vein 
were cannulated and the animals were ventilated by a 50 
Harvard rodent respirator. A side arm to the tracheal 

cannula was connected to a Harvard pressure trans 
ducer to obtain a continuous measure of intratracheal 
pressure. An increase in intratracheal pressure was 
taken as a measure of bronchoconstriction. Each guinea 
pig was injected iv with 1 mg/kg propranolol, 5 mg/kg 
indomethacin and 2 mg/kg mepyramine given together 
in a volume of 1 mg/kg. Fifteen minutes later, the ani 
mals were challenged with antigen (0.5 per cent ovalbu 
min) delivered as an aerosol generated from a DeVilbiss 
Model 65 ultrasonic nebulizer and delivered through 
the tracheal cannula for 30 seconds. Bronchoconstric 
tion was measured as the peak increase in intratracheal 
pressure occurring within 15 minutes after antigen chal 
lenge. Representative compounds of the invention at a 
dose of 50 mg/kg were found to inhibit anaphylactic 
bronchospasms in such test procedure as indicated 
below in Table 2: 

TABLE 2 
Inhibition of Angphylactic Bronchospasms 

CH3 CH3 

L E 

J 

R3 R4 G 
P 

-“ equals Dose % 

E o P L J R3, R4 double bond (mpk)l Inhibition 

OMe OMe OMe OMe H = yes 10 36 
OH OH on OH H = yes 10 17 
on on on on H = yes 10 26 
OMe OMe OMe OMe H = no 10 02 

O(CO)NMe2 O(CO)NMe2 O(CO)NMe1 O(CO)NMe2 H = yes 10 10 
0A0 OAc OAc OAc H = yes 10 7 
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TABLE 2-continued 

OMe OMe OMe OMe H =N-OH no 10 50 
OMe OMe OMe OMe CH3 =0 yes 10 24 
OMe OMe OMe OMe H =N-—NH(CO)NH3 no 10 20 
OMe OMe OMe OMe H =N-0H yes 10 02 
OMe OMe 0H OMe H =N-—OH no 10 02 
OMe OMe OM OMe H =N—O(CO)'Bu no 10 20 
OMe OMB OC2H5 OMe H =N-OH no 3 2s 

Analphylactic Bronchospasm 

CH3 CH3 OCH’ 

CH3‘) OCH; 

X R4 
P R3 

Dose % 
x R3/R“ P (mpk)1 Inhibition 

0 =0 OCH; 10 42 
NH H,H OCH; 10 34 
NH =0 OCH; 3 20 
CH; =0 OCH; l0 02 
NH H,H H 10 42 
CH3 =N-OH OCH3 3 02 

CH3 CH3 OCH3 

H3CO 0cm 

// J 
OCH3 X H 

Dose % 
X J (mpk) Inhibition 

0 H 10 56 
N-OH H 10 10 
0 CH3 10 53 

‘By iv administration; 
2Expected to have activity at higher dose. 

Based on the above test procedure and results, the 
compounds are effective non-adrenergic, non-anticho 
linergic, antianaphylactic agents. The compounds may 
be administered by any conventional mode of adminis 
tration for treatment of allergic reactions employing an 
effective amount of a compound of formula I for such 
mode. For example, when administered orally, weight; 
when administered parenterally, e.g., intravenously, the 
compounds may be administered at dosages of from 
about 01-10 mg/kg body weight; when administered 
by inhalation (aerosol or nebulizer) the compounds may 
be administered at dosages of from about 0.1-20 mg per 
puff, one to four puffs may be taken every 4 hours. 
The compounds of this invention inhibit 5-lipoxyge 

nase activity, which inhibitory activity has been associ 
ated with anti-inflammatory activity. The compounds 
of the invention are thus useful for the treatment of 
inflammation, arthritis, bursitis, tendonitis, gout and 
other in?ammatory conditions. The 5-1ipoxygenase 
inhibitory activity of the compounds of the invention 
may be demonstrated by the procedure described be 
low: 

S-Lipoxygenase Assay 
The IL-B-dependent murine mast cell clone, MC-9, 

was used to test the effects of representative compounds 
of the invention on lipoxygenase activity. The MC-9 
cell line was grown in suspension culture (0.4 to 

45 

50 

55 

65 

1.2x 106 cells/ ml) in RPMI 1640 medium (Gibco) with 
10% fetal bovine serum (Hyclone) and 2—5% con 
conavalin-A conditioned supernatant (Musch et. a1., 
(1985) Prostagandins 29, 405-4307. Cells were har 
vested, washed twice by centrifugation, and resus~ 
pended in a Ca+ +-free HEPES buffer (25mM HEPES, 
125 mM NaCl, 2.5 mM KCl 0.7 mM MgCl2, 0.5 mM 
EGTA and 10 mM glucose at pH 7.4). 
M09 cells (0.39 ml at 7.5 X 106 cells/ml) were prein 

cubated with dimethylsulfoxide (DMSO) vehicle with 
or without test compound (1 ul) for 4 minutes then 
incubated for 5 minutes with ["C] arachidonic acid 
(Amersham, 59 CV mole) at a 9 uM ?nal concentration, 
and A23187 (Calbiochem) at a 1 uM ?nal concentration 
was added in 10 ul of waterzethanol (9:1). The reaction 
was stopped by addition of methanol (0.4 ml), and cellu 
lar debris was removed by centrifugation. Aliquots (250 
ul) of the incubations were run on a Waters two pump 
HPLC system fitted with a Waters C18, 10 11 8X 100 
mm u-Bondapak radial compression column and C18 
“Guard Pak”. The column was initially eluted at 3 
ml/min with waterzmethanolzacetic acid (67:33:0.08) 
containing 1 mM EDTA adjusted to pH 6.0 with am 
monium hydroxide (Pump A). At 4 minutes, a linear 
gradient to reach 100% methanol (Pump B) at 9 minutes 
was established. Between 13 and 14 minutes, methanol 
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was exchanged for the initial eluting solvent and by 19 
minutes the column had been reequilibrated for the next 
sample. The effluent was analyzed by a continuous ?ow 
radioactivity monitor (model ROMONA-D) interfaced 
with a Hewlett Packard Lab Automation System for 
quantitation of radioactive products. These were pre 
dominantly leukotriene C4 (LTC4) which eluted at 6 
minutes, and S-hydroxyeicosatetraenoic acid (S-HETE) 
which eluted at ll minutes (Musch et. al., supra). The 
results with and without test compound were used to 
calculate percent inhibition of LTC4 and S-HETE pro 
duction for representative compounds of the invention 
as shown in Table 3 below: 

TABLE 3 

S-LiQxygenase Assay3 

5 

38 
pended at a concentration of 20X 106 cells/ml in the 
presence of 1 mM CaCl;. 

Neutrophils (0.2 ml of suspension) were preincubated 
with dimethylsulfoxide (DMSO) vehicle with or with 
out test compound (1 ul) for 4 minutes then incubated 
for 5 minutes with [MC] arachidonic acid (Amersham, 
59 Ci/ mole) at a 9 uM ?nal concentration, and the cal 
cium ionophore A23187 (Calbiochem) at a 1 uM ?nal 
concentration. These stimulants were added in 10 ul of 
water:ethanol (9:1). The reaction was stopped by addi 
tion of methanol (0.4 ml), and cellular debris was re 
moved by centrifugation. Aliquots (100 ul) of the incu 
bations were run on a Waters two pump HPLC system 

-" equals Dose % Inhibition3 

E G J P L 113/114 double bond pm S-HETE LTC4 

OCH; OCH; H OCH; ocH; =0 yes 50 95 100 
5 9 17 

0H OH H 0H 0H =0 yes 5 7o _4 
=0 2 52 35 

0H 0H 0H OH OH =O yes 50 95 -4 
5 43 J 

OCH; mm H OCH; OCH; =0 no 50 100 99 
5 29 36 

OH OH H 0H OH = no 2 o2 _4 

OH OH H OH OCH; = yes 5 so -4 
OAcl OAc] H oml OAc' =0 yes 5 53 43 
OCH; OCH; H OCH; OCH; H, H no 5 35 53 
OH OH H 0H OH H. H no 5 55 52 

OCH; OCH3 H OCH; OCH; CH3, OH no 5 02 s 
OCH; OCH; H OCH; ocH; H, on no 5 52 32 
OCH; ocH; H ocH; ocH; =N-OH no 5 100 65 

1 28 2o 

1AcO = acetyloxy; 
2Expected to have activity at a higher dose; 
3Mc-9 cell; 
‘No measurement taken. 

S-Lipoxygenase Assay with Human Neutrophils 
Human polymorphonuclear leukocytes (neutrophils) 

were obtained from normal healthy volunteers by veni 
puncture and collected with heparin anticoagulant. 
Neutrophils were isolated by Dextran/Ficol sedimenta 
tion as described (Billah et al., J. Biol. Chem. 260, 
6899-6906 (1985)). In brief, 30 ml of blood was mixed 
with 5 ml of dextran (Sigma) solution and kept at 37° C. 
for 30 min. The upper white cell-rich layer was re 
moved and 10 ml was layered on 9 ml of Ficol-Paque 
solution (Pharmacia) and centrifuged at 280 xg for 10 
min. at 5° C. The supernatant was removed and the 
neutrophil pellet was resuspended in HEPES buffer 
containing 25 mM N-2-hydroxyethylpiperazine-NL2 
ethanesulfonic acid HEPES, 125 mM NaCl, 2.5 mM 
KCl, 0.7 mM MgCl2, 0.5 mM and 10 mM glucose at pH 
7.4. The red cells in the suspension were lysed by hypo 
tonic shock. The neutrophils were washed by centrifu 
gation in HEPES buffer two times and ?nally resus 

50 

55 

60 

65 

?tted with a DuPont Zorbax ODS, 5u, 4X80 cm Reli 
ance Cartridge column and C18 “Guard Pak”. The 
column was initially eluted at 2 ml/min with 80% of the 
mixture waterzmethanohacetic acid (46:54:0.08) con 
taining 1 mM EDTA adjusted to pH 6.0 with ammo 
nium hydroxide (Pump A) and 20% methanol (Pump 
B). At 10 minutes, a linear gradient to reach 100% 
methanol (Pump B) at 27 minutes was established. Be 
tween 27 and 28 minutes, methanol was exchanged for 
the initial eluting solvent and by 35 minutes the column 
had been reequilibrated for the next sample. The ef?u 
ent was analyzed by a continuous flow radioactivity 
monitor (model ROMONA-D) interfaced with a Hewl 
ett Packard Lab Automation System for quantitation of 
radioactive products. These were predominantly leuko 
triene B4 (LTB4) which eluted at 7 minutes, and 5 
hydroxyeicosatetraenoic acid (S-HETE) which eluted 
at 20 minutes. The results with and without test com 
pound were used to calculate percent inhibition of 
LTB4 and S-HETE production for representative com 
pounds of the invention as shown in Table 4 below: 




























































